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mm 



i'J.i( 



IS (a) A>e> (c) i:UM#?$tl^> 1 lC|H«®^^o 

( a ) gS^rj## : i {cfB^<Z) T ^ >^ ^SB3^[I*^ ^ S ^ > /N° M„ 

f:Lit^(Dmmi^^^^M7bV. (S) -4 -/\n- 3 -n Kn^S/M^x^7^;v 

( c ) S2^J## : 2 JC|B«® J^SSS^II*^ e> ^ § D N A i: /\ -r >^ y X-r SDN 
^#:$:^^3t7t:L, (S) - 4 -/\n - 3 - t: Kn i/@l^xx^;i/^^fife-r S 



(a) (c) j;»j^#^$ns, m^m 1 izmm(D:^m. 



(a) @2^fJ##: 5 {C|H®(^T^ ym@B^J*^^^-S^ 

(b) iB^(I1l#: 5 {Cia^c^r^ y^iB3?fJ{C^VNT 1 ^fcli 
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^#^5:^^iS7t;b, (S) - 4 - An - 3 - H KD ^S/SM:i::^7^;^2:*fi^-r-5 
^yf^^M7t-t^:r.ii^mnt.ir^^ (S) -4 -/nd- 3 Fn^i/S^:i::;^ 

m^miO] r-fe hT-fe^;b-C o AM7t:P**^TSH (a) :«)^^ (c) 

(a) : 9izmm<Dr^jmmm^^^^^iiy-^'^^Mo 

L<l±-?-0il##:^^^ji7t:L, (S) - 4 -7\n - 3 - b: Fn ^^/M^xXt^ 

jv^^^-r^^^^m-t^^yj-^^Mo 

(c) iB^lI## : 1 0 IC|B«®J6^SBB^J;()^?>^-2>DN Ai:/N^^U ^'^X-t-SD 
NAif^n- Ft* -S^ >A^®-e^oT> 4 -/\nT-fe hiP^^iXT^;!/*; L < tt-e 

(Dmrni^^^^Mji^L. (S) -4 -/ND-3 FD^->mMxX7^;i/$:^m 
[^^3^1 1] 4 -7\DT-fe Fi^®Ex>^.-5^;i/*^4 - n DT-fe Ff^^xx 
[M^^ 12] 4 -ADT-fe Fi^iEx;^7^;i/:&^4 - ^ □ oTir FS^^:i:^ 
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^■VUT->''n5^>f ^MtSS^^NAD (P) "'■;&^e3NAD (P) H^r^figfS 

NAD (P) "'"yij^fjNAD (P) HSr^^-t^^Se^r/fr-S^^^rn- K-r-SD 
[W^^l 6] NAD (P) '^*^?>NAD (P) H ^r^^f -5>?Sffi$:^-r 
-fe^;i/-Co AMjn^^ilNAD (P) "'"*^e>NAD (P) H Sr^^l" S^SIS 

[M^^ 1 8 ] m^mttK MS ^ mm(D jk u - js - n f n ^ ^/fl^jte^ 

^-^m3^S:«^t-'&T-fe bT-fe^;i/-C o AMTmrn^^- K-t-SDNA^NA 
D (P) "'"3?)>e>NAD (P) H^r^fig-rSvSffiSr^ti-S^^Srn- F-r-SDN A 

o 

[W#3^2 0] NAD (P) '*'*^?>NAD (P) H^^^-t^fS^^m-t 
[0 0 0 1] 
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[0 0 0 2] 

a-t Fndpj>>(.5^n^ M7K*m^5:MV^^^5§^M7^& (#11^1-277494-^^ 
m) > /^°>^#^i:*^^ii>S:mv^;t^^M7t;^ (J. Am. Chem. Soc. 105, 5925- 
5926 (1983), #liHH61-146191-^i^fg^) :^Ef)^^^nX^^^o y'tV^^lC J3 V^ 

T4-7\nT'fe M^^n::^7^;i/$:5g7cb(s)-4-An-3-i: Fn 

^^^"S^^i: LT, D-enzyme-l,D-enzyiBe-2(J. Org. Chen. 56, 4778-4783(19 
91))jb^^^$tlTV>§„ me>®e)-^, D-enzyme-2tt, ^^A^i£i)^^mS^m^ 
^^^l?fe'&Z:i::i()^5^Igg$tlTV^S(J. Am. Chem. Soc. 107, 2993-2993(1985)) 

o 

[0 0 0 3] 

?Stt(S)-4-/^□-3-t Ko=3ps:/g^^a:::?.5^;i/®-^^ti, ^SfeJb^{£<. l«^g^-e^ 
7nL/T(R)-4-/vn-3-l:: Kn^^Sm:i:^^;VS:^fi^-r-5^^*'#^E-r-5fe«)> 

[0 0 0 4] 

^fe, /^°>^#^cfev^T(s)-4-/^^-3-n Kn ^i/M^:ii:^^;i/(^-o-^tc^lc 

SS^^if<Z)SH|^^{c<k u^^ticifiW^ti'Sr i:*^^^$4xTfey. 
4-/Nnriz Fi^^:i:x-7^;K ^^«^i?fe-&4-7ND-3-t: FD^$/B&ffiExx5^;i/tc 
<fc y l®$$ti<g>r ii^'^^jS^n, (s)-4-An-3-t FD=3rt/g|^x:;^7=';i/^lSm 

[0 0 0 5] 
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m:r.x'Tj\^^^m't^:it^^^^ti^fj^. ^'^y^m(Dms^m^^mmit. i894 

CD j8-i^:/rLnvy (J. Biol. Chem. 263, 12315-12325 (1988) )75)^ a 6 jS 6(Z)^-^#: 
S:?^fi^l/TfeU (J. Biol. Chem. 253 , 4464-4475(1978)) , h&(DMTCfS 

(ACP) ACP-S-T-fe^;!/ h^>>^:7ai^--^?l5'ffi, ACP-S-vn:=-;i/ 

X :7 :c ^ - -fe'^Stt. /s ->?r h T )V-kCP^mmm^^^. /3 - 1 K □ ^ T i/;v-ACP 
ffii^^K^^^^Stt, :i: >^ ;i/-ACPM5t:^a?15tt J: tJ^/NVl/ 

- iiii^^-rii^VNo ^MM<3D^^-fe;i/T, fasi,fas2S: 

^^M^i^mT'^:&5b^ofe^:ll^$tlT^^■5(Ann. Rev. Biochem 
. 52, 537-579(1983)). 
[0 0 0 6] 

Tv>s^^j®$tiSj8->?rbrS/;i/-ACP}lTC?S'ffi$:ffi^ F^^>tt, a-it::^^- 

(Biochem. J. 109 , 312-314(1968)) ^ V l/'^f >MM7K% (dimeth 

yl maleic anhydride) IC^ U i^'XD^tf^lC j: »; ^^iC^jH^itfe a -9- >^rL- 
h#^fiT'li|8->r ^TS>;l/-ACP3g7T:?Stt$:^$3&V^z:i:A^$g^$tlTV^S (Eur 
. J. Biochem. 94, 189-197(1979)) „ Tir M^^n:^;i/X>;7^;i/M7C?S 

a 6 /3 6«jg® Hgfi&^^^^^T' tt^ $ •r> a 2 /S 2#3g (^^-^MSO:^) X<D^r 
•fe hif^X5^;i/a:^7^;i/ji7CVSttS:^i"^®^^ (Eur. J. Biochem. 172, 633- 
639(1988)) flgJl*^-^^^^C04-/\DTir hMilTG^I^tt^^^^JC^'CD 

M^^A^i^:>MT'fe-5*\ tit, 4-/\nT-lz hit^xx5=-;i/M7r?SttS:^'t«3t (a 
2/S2) $:^lHpriCLT^^6<J{C#ig'r<S'*Hi^5iT'li?&VAo 
[0 0 0 7] 

[^^7b^^^ b cfc e) i: -S^M] 
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[0 0 0 8] 

tl-5(if^'fl:^ll!^^J^4fl|S I ,p34-37)„ H h (Proc. Natl. Acad. Sci. U.S. A 
. 92, 8695(1995))^ii*(Dl&#;lj:, :9'^*25:^g^(D a y h — » 

'tf:^X (Br evi bacterium ammoniagenes, Eur. J. Biochem. 247 , 268(1997))-^^ 
:n/i^^V^Ms' Xjjl 7^ X (Mycobacterium smegmatis, Physiol. Rev. 56 

, 339(1976)) f£ if (DmMX-lt^^Mm2575(D a— *}-^=L=.y ht)^a6mi^^^h 

napus, Biochim. Biophys. Acta. 1120 , 151(1992)) tj^ if <DM^^ MM. :^®®( 
Escherichia col i) ^ if <^||H®. MUM. ^>(JV:^tj:iflZ^\,^rit. mS^m^^ 

a 

[0 0 0 9] 

^ p-^hriyj\y-i^c?M7immt>K immm(iti^,iB,ic)Kit^xmm.m.mzmmi)'^ 

W-mX\ < (if:/ rt-^y h®:$5-^M*^20, 000-40, OOO^^g). SHf^^ 

mm^mmmmmiz. 4-AnT-fe ^@^^xx7^;^$:^i7^LT(s)-4-/^^-3-t: f 

□ api/MmxxT^;!/^:-^^^^-^?^'!*?:^-^^^, (S)-4-/^^-3-n Kn^i/Mi? 

3i7.y^;i(Di^mmx(Dmm'^M^'f'm^:^i^m^mmvr^(s)-A-/\u-3-\i Kn 
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[0 0 10] 
[0 0 1 1 ] 

LT, m^mmzmitm^^^-t:r.iit>m^^tix\<^^ a. Bioi. chem. 240 . 

618-621(1965)) i)\ 5fi:5§^#^l±. ^^IIMt>*JCtt:^® fi^f^CD^^^^ 4-^ U 
[0 0 12] 

flMJKf^ (PHA) ^^m^-km^-t^mm(Di^x$>^r-fzhr-^^jv-com7imm 

^xx-7^;i/S:(S)-4-^^ pn-3-b: \^U^Z/mm:^^'rJHZ^^m7b-t^1^i3^m 
■r-5*^^*^S:^I^Lfec :R^6?J{cii, T-fe hr-fe5^;i/-CoAM7C^^il>f5-?-$:^;i/ 
h -r • Sn^rCRalstonia eutropha) j;U#ill/, zKB^iZ^ALX 
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[0013] 
[0014] 

ADH) (Dn^^m^i^x^t>-&^^^izj:i)^ Mn.^mo)'*)'^ j]y^mm^izm 

[0 0 1 5] 

> ;i/-ACPjg7t^^ ^ l± /K U - js - ki K n =3p i/flgflS^^-^fi^^ ^ S i 
#^Jcf^M$-ti:T, (s)-4-/\n-3-t: Kn =^ri/Mxx7^;i/&^S-rs:&^lcg| 

^S:^^M7t;1-<5:ii:$:#^i:t-S, (S)-4-7\n-3-h: Kn 
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. (1) izmm.(D:^^. 

(3) p-^\^riyJ\y-7iy)i^^^Vr-zfu^^ym7tmmi)'^Tm (a) ( 

c) j^ijmm^ti^. (1) icsH^®^^, 

(b) @a^j#-^ : nzmm(Dr^ jmmmz^\^x itt^\,tm^o>7^ jmij^fi 

uxS5l$-e^s. (4) izmM<D:^m. 
c) <fc ypg^^ti-s, (1) iciB«®:&^, 

(a) iB^J## : 5 lCgH«<Z)T^ yM@H^[I*^^^-5^>>'^°^^^o 

(b) BB^JH-^ : 5 ICia^CDT^ y ^iB^UC^VNT 1 ^Ttli^^OT^ >^^}«)^# 

fSIS S: ^ -r -5 ^5? > ^5' «o 

^MytL. (S)-4-/ND-3-t FndpiyMxXT^;!/^:^^^--^?®'^?:^^--^^^ 
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(7) KD^i/SIM^-^J^^&^^-r'ST-fe hT-fe^;i/-CoA^i5rii 

(s) -4-7x0 -3-11 Kn^iyMi2xx5^;i/(Digit:&?sfe, 

(8) T-fe hr-ir^;i/-CoAM7c^^*'59;i/x h^TMicMt-s^^i^&jRT'^s 

, (7) izmm.(D:^m. 

(8) cia^®^^, 

(10) Ti2 hr-fe5^;i/-CoA5t7C#ii7(>'5Tf2 (a) e> (c) ^VMM^tl^. 
(7) tCfB^®^^, 

(b) @g^J## : 9 lCSa«(7)T^ y^@B^J^C^3V^T 1 ^^tt^^OT^ 

(c) gB^[|## : 1 0 IC aB«(Z)i^^gB^J7b^e) ^ -SDN A i:7N^:/U ^-fX-r -SDN 

(11) 4-7\nT-fe hif^:iiX5^;i/*^4-:J^ nnr-fe Mt^x:^-5^;i/-e^-5, (i 



) l^t^it (7) i; 



(12) 4-y\nr-lr h@^^aix5=-;i/7&*4-i7DDT-fe hi^Mx^;i/x;^.-7^;^-e&-5 

, (1) ^fett (7) izmm(D:^m. 

(13) iiM©fliJte^-^^^^$:fll^-r'5/3 ->r ^Ti/;I/-TS/;^^■Yl;T- 
:/^7^^>M7c^^^:N AD (p) "^*>e>NAD (p) H^r^^-r-svsii^^-r 

Ti^;i/-Te/;i/:^-Yur-^D7=--r>M7c^^^n - Kf-SDN a^in ad (p 
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(15) Wi^mf)^:kmmv^^. n 4) izmm(D:^m. 

(16) NAD (p) ■*"?b^e,NAD (p) H^^^-t ^m^^m-t^mmt)^ if 

)\/n-y^m,7KmBB'V:^^. (13) (15) ®vx-mAHc|a«®^?S, 

(17) 7}<y -/s -n Kndpi/aijBt&^^-^fife^Srli^t-sr-fe hT-fe^;i/-c 

oAMjC^milNAD (P) ■•"}6^e>NAD (P) H Sr^^t-^SfStt^T^-r-S^^ 

(18) M«*;tiillIS<^>d<U - IS -ti Ka^syflgJKf^^-^^^S: 

^P^-t-ST-fe hT-fe^;i/-C o AjgTti^^Srn- F-t-SDNAiiN AD (P) 
;b^e>NAD (P) H^r^^-t-StStt^r^-tS^^^rn- Kf^DN A^$:#A$ 

(19) m^wi^mmx'^^. a 8) izmm(D:^^. 

(2 0) NAD (P) ■^7{)^e>NAD (P) H Sr^^f -Sfg-ffi ^^^S^^Tb^ 5^* 

;i/=i-::^.fl»^^l^-e^-5, (17) 7b^^ (19) ® v>-r4x*>lcia«®:&^. {c 
[0 0 16] 

(Dmmm^^mm^m^t ^mm (E.c i.i. 1.100. ^t^it?M^^m^^mm.-t 

-ST-fe NTir^;i/-CoAS7C^^ (E.C 1.1.1.36) $:Mv^^ 3 i: II 
M(Z)H§JKr^-^^#^S:«^-t-5^*(E.C 1.1.1.100)li, a i?- h 

40,0005g||). SH|^^T'IS*StL^V^^V^e)#^5:^•tSo rcDfc«), (S)-4-/N 

-AD-3-t y^u^i/mm:^:^'r)\y'}K^m.m<Dm.mizmnx&^)t3-t. 

[0 0 1 7] 
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M (SiJ^a## : 1, J. Biol. Chem. 267, 5751-5754(1992)) , ^:^m&^0) - 
^ h y i/ )\y-t^C?M7xMM (@a^ll## : 5. J. Bacteriol. 178, 4794-4800(1996) 

obacillus act inomycetemcomi tans, Biochem. Biophys. Res. Commun. 230 , 220 
-225(1997)), A'f-JiVT. • X-f^)\^'X (Bacillus subtil is, J. Bacteriol. 178 , 

4794-4800(1996)), ni^/xUtlT- n U (Escherichia coli, J. Biol. Chem. 2 
67, 5751-5754(1992)), ^ 1371 5^ U A • JKtf >^ (Mycobacterium bovis, Sci 
ence 263, 227-230(1994)), ^ZlA^^^)'0h.'7^i-^''^^^'7. (Mycobacter iu 
m smegmatis, DDBJ Accession number U66800) , ^ n/l -5^ U ^ A • V^}\/^ 
(Mycobacterium tuberculosis, Mol. Microbiol. 15, 1009-1015(1995) 
) , '^Xl\£.ii'^J^^ 7''^) ' —V — — (Prop ion ibacterium shermanii, J. 

Gen. Microbiol. 127, 121-129(1981)), V^V fiT^ ' :/y>r^ — X. ( 

Streptococcus pneumoniae, W097/43303) , 13 (Synechocysti 
s sp., DNA Res. 3, 109-136(1996)) , i^-^ h b!/ • VJ 7^>f V (Thermotoga m 
aritima, J. Bacteriol. 178, 248-257(1996)) , ifzfVyt-/^ — ^^ (Vibrio 
harveyi, J. Bacteriol. 178, 571-573(1996)) , ^^^>f • >r>:7;i/ai> 
if (Haemophilus influenza, Science 269, 496-512(1995)) ^ if /S ->!r h 

MthXit, (Allium porrum. Plant Physiol. 115, 501-510(1997)) , 1/ 

n -< 5^:^>C■t■(Arabidopsis thaliana, Biochem. J. 283, 321-326(1992), Plant 

Physiol. 115 , 501-510(1997)), ir^ 31^7 7 (Brass ica napus, W096/026 
52), ^VyV— (Carthamus tinctorius , Arch. Biochem. Biophys. 217, 144 
-154(1982)) , ^"7 ■< y • (Cuphea lanceolata, Mol. Gen. Gen 

et., 233, 122-128(1992)) , iK.^ (Hordeum vulgare. Plant Physiol. 115, 50 
1-510(1997)) , T3J<5!7 K(Persea americana, Biochem. J., 271, 713-720(199 
0)), A# (carrot. Arch. Biochem. Biophys., 300, 157-163(1993)) , =L— 

V± ' if'9t/^)7^ (Euglena gracilis, J. Biol. Chem., 255, 1504-1508(1980) 
) , /}>'5' l^>y'i?(Spinacia oleracea. Plant Physiol., 69, 1257-1262(1982)) 
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, h ^7 ^ n =1 2/ (Zea mays L., Plant Physiol., 115, 501-510(1997)) ftj^® /S - 

^hr^ ;i/-ACPM7ti^iS Tfc if If ^ ti <5 = 

[0 0 18] 

>?r hT2/;i/-ACPS7C^^$::3- F-tSDNA (@B^J## : 2) 'P^MM^M<D & - 

a'fe^C!)4'T'3^^^^i;-©]ftv^M^gc(NADPH^-^M^. :kmm^^<D0-^hrt^ 
;i/-ACPit5t;^^©l0^5()^e>34fe(Z)T^ y^:^if)7&^e>:;^^-r x'-^r^if^r 

[0019] 

;}< y-/S-H FD^i/fllJtem (PHA) {i. tK^MS (T;i/5!7U>f:^^X (Alcaligen 
es) M) . MM (Aphanothece) , ^MM^M (Azotobacter) , A'^JV:7.M (Ba 
cillus) , S/rt— F^-^-XM (Pseudomonas) , yt-^^MM (Rhodospiri 1 lum) 

^^It. Z->TV^it'y-^ (3-ketothiolase) , 712 h T -lr^;V-CoAji5t:^^ ( 
acetoacetyl-CoA reductase) , jKU - /3 - tl Fn^i/JilJK^a-^P^ (PHA syn 
thase) :^^e)«^!g$tlTV^So ^(Z)4»T\ T-fe h T-fe5^;V-CoAM7T:^^li, 
»3{)^2:5'~4:^(D-9->riLr.^y N 4»#::^>^ ^ ^ »; , M7tM^S®«^^i: L/Tjg^^M- 
Hf^^T^ FT7=->i;>^^^ FU >^ (NADPH) * L<^ifUMLTV^ 

i^Jl^' l/5r5=- F (NADH) ^^nm-^^^fr:.^. XHfi^JC^^J-^^-g).. 
[0 0 2 0] 
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M^it. Ti/^ h/"?^ ^ - • x;?.tf — RA3849 (Acinetobacter sp.) fijf^ODT-fe 
hTir^;i/-CoA3l7£^^ (J. Bacteriol. 177, 4501-4507 (1995), J. Bacterio 
1., 177, 4501-4507 (1995)) , h — T • :i- h H 7 T (Ralstonia eutro 

pha, \U^7)V:^V^:^:^ ' ::i~hUZ7T:^ (Alcaligenes eutrophus) )^^(D 
7-th7±^)V-CokM7bBM (FEMS Microbiol. Lett., 52, 259-264 (1988)) 
, 7JV:fyV^:^:^ • \/-^7^ (Alcaligenes latus) ft^® Tir h T-fe^;i/-CoA 
3i7C^^ (J. Microbiol. Biotechnol., 6 , 425-431 (1996)) , 7 >f 
• X>?.tf-SH-69 (Alcaligenes sp, ) fi5Kc?)T-fe h Tir^;i/-CoAM7t:^^ (DDB 
J Accession No. AF002014) , T!/>^tfi;^A* (Azospiri 1 lum b 

rasilense) ^5(5® T-fe h T-fe^^l^-CoAjg^^^ (J. Gen. Microbiol., 136, 11 
91-1196 (1990), Mol. Gen. Genet. 231, 375-384 (1992)) , TV^h/^^^Jf- • 

(Azotobacter beijerinckii) fi5fe(DT-fe b T-fe5^;i/-CoAM7C 
(Biochem. J., 134, 225-238 (1973)) , )^=S-)\>y. • (Bacill 
us megaterium) fi5l^®T-fe h T 'fe^;i/-CoAM7Cp^ (Can. J. Microbiol., 41( 
Suppl. 1), 77-79 (1995)) , ^U^^^2^ • Ify-if-^Di^ (Chromatium vinos 
um) &^a)7t h7±^JV-CokM7tWM (Eur. J. Biochem., 209, 135-150 (19 
92)) , JLi7 h^ytU Fxtr^ • — nif— (Ectothiorhodospira shap 

oshnikovii) ^M(D7i2 h7^'^ JV-CohMjiMM (Appl. Microbiol. Biotechno 
1., 40, 292-300 (1993)) , • (Lupinus luteus) ffi5R(Z)T-fe 

h T -fe ^ ;i/-CoAii7C^^ (Plant Soil, 56, 379-390 (1980)) , :^^UAir^V 
T^M> ' X^X b — ^'X>>; (Methyl obacterium extorquens) ^^<D7^ ST"fe 
^Jl-CokMiXiBM (FEMS Microbiol. Lett., 156, 275-279 (1997)) , :^^nA 
■!7^V^2y, ' Dt^^^/T-^A MB 126 (Methylobacter ium rhodesianum) ^^(D7 
i2 bT-fe^;i/-CoAM7n^ll (Arch. Microbiol., 161, 277-280 (1994)) , 

' "T—hVy^ ijy^ (Paracoccus denitr if leans) fi5f|(Z)T-fe h Tir 
^JV-ComytBM (FEMS Microbiol. Rev., 103, 257-264 (1992) , FEMS Micro 
biol. Lett. 133, 85-90 (1995)) , i/aL-K^:^>^ • x:;^.tf- (Pseudomonas s 
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p.) a^f^OTir bTir^;i/-CoAil7C^^ (DDBJ Accession No. Z80156) , V y 
\f^2^')V\f— (Rhiz bium lupini) fijR® T-fe b T-fe5^;i/-CoAM7t:^^ (Fizi 
ol. Rast. (Moscow), 27, 544-550 (1980)) . U l/tf 'i7A • :^ V >( 41 (Rhi 
zobium meliloti^ ^ 'J l/tT't' A • ^ U D -t" -f Sinorhizobium meliloti 

) a^l^CDT-fe hr-fe^A-CoAitTC^* (Microbiology, 141, 2553-2559 (1995) 
) , n \^zivi!jy^ ' — A — NCIMB 40126 (Rhodococcus ruber ) ^^(DT"^ h 
Tt^^V-CokMjtBM (FEMS Microbiol. Rev., 103, 93-101 (1992)) , i/^U 
nvi^:^ ' :sLy.\£— (Synechococcus sp.) fi3l5©T-fe h Tiz^;i/-CoAMTC#^ 
(#B§¥08-187085) . l/y VUVit'^^T. • ^7 :f ;i/ :7 ai >f • i^^Xtf-iz-X 
• (Syntrophomonas wolfei subsp. wolfei) Sjj^CDT'fe h T"fe"^ 

;i/-CoAM7t;S^ (Arch. Microbiol., 159, 16-20 (1993)) , "f- y^- it] • y x. 
— (Thiocapsa pfennigii) ffi5^(Z)T-fe h T-fe^;i/-CoA5l7t:^^ (Appl. Mic 
robiol. Biotechnol., 40, 292-300 (1993)) , X-^nxT • ^ >?f ^I-16-M 
(Zoogloea rainigera ) ffi^H® 7"fe b Tir^^^P-CoAj^jt^^ (Arch. Microbiol. 
, 114 , 211-217 (1977). J. Biol. Chem. 262, 97-102 (1987)) fc'*^#tf e> tl 

[0 0 2 1] 

TVNS^-^lcii, JWMn^-=^~y^'^^%^^i^') :^'y-^^mK^ (PGR 

5(5®T-fe hT-fe5^;i/-CoAie7C^^$:=i- Kt--g>DNA(@B^J||-t : 1 0 ; Wmnoyy 
f Srh;{)^nrigT'fe-5o $^fC, :K U ^ ^ - (PGR) Sr^JML, Mx. 

^ (NADPH^-a-^j^^if) >^^>rv-$:7'-if>r >L, !^m(D^m<Dm^i!i^DM 

^ CD *^ ^ #il Zl ^ =fo ir |g <g> o 



1 5 
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[0 0 2 2] 

*^^®^fefejcfev>Tii, jimm(Dmm(D^fji^-f. ^mmommummcDf^ 

o 

[0 0 2 3] 

U X/K^ • ^ (Saccharopolyspora hirsuta) ^jfeactlift'^^CZ);** — 

U -T^^f (ORF) -S^'g^CMol. Gen. Genet., 240, 146-150 (1993 

)), Xhb:/hvW'fe:^ • i/yi-^^yi/::^ (Streptomyces cinnamonensis) ^ 
5f5(?) ttf IBact UC 7j> ^ □ i/-S:^L/, ^^>i/> (monensin) (D^^m^m^-t^ 
il^t>HSMBi^P3<DORF-5 (Mol. Gen. Genet. 234, 254-264(1992)) > X hi/ 
:/ h V-f ■fe>5. • nxU 5??^— (Streptomyces coelicolor) ^MTif'f-JuVy 

(actinorhodin) ^-^^jl'fe^actlllil'fe^ (Gene 74, 305-320(1988)) , >^ h 
l/^ h V-f irX • ^inr^X (Streptomyces galilaeus) ^^T^'ylfjy ( 
Aklavinone) ^-^fi^Jt-K^aknACJ. Bacteriol. 176 , 2473-2475 (1994)). X h 
ly':fh'^4±:^ • a:j?.tf— (streptomyces sp. C5) J -^^f i/y (dauno 

mycin) ^^^lA^^daxiB (J, Bacteriol. 176, 6270-6280 (1994)) , y^hUz/ 
hV>f -feX • hf:^^-fe:^;i/ — A— (Streptomyces violaceoruber Tu22) 
^•f"^i/y ' /JnU-^^ K'ofK^^l (Granaticin polyketide synthase putative 

ketoacyl reductase 1) ©ORF-5. I^-^fiK^^2(D0RF-6 (EMBO J. 8, 2717-2725 
(1989);^^*) ^^g|5?^fi^(nodulation)lc:M-^f<55te^ ( U ^/ r> A • ^ U P 7^ 
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^ (Rhizobium meliloti ) RCR2011 ftjf^nodGit'fe^ (Nucleic Acids Res. 14, 7 
453-7472 (1986)) , ^K$HSa(heterocyst)?^^tCM-^-r SM-^^ (T-^A:n-^ 
•X>?.tf— (Anabaena sp. (PCC 7120)) fijR hetN^-e^ (J. BACTERIOL. 176, 
2282-2292 (1994)) ^ift;, ^(OM^-^th^W^i^ hY 1/ )VM7xM^^J^lf:) 
i)\ 4-/NDT-fe (S)-4-7\n-3-li KD ^i/SMxx^^ 

jv^mm^ ^m-t^m^j. ^mizmm-t ^z.hti^X'^^. 

[0 0 2 4] 

-fe ^ ;i/-CoA5S7tiP^ =3 - K t- e »>e^- S: it^^d^M^ 5: M v ^ T mM * it « 
^4l/7b^, 4->'\nr-lr hi^^xX7^;i/*:t«-^<DE^#:$:M7cU, (R)-4-7Nn-3- 

[0 0 2 5] 

>!r h T s:/ ;b-ACPiS7t^^?Stt ^ r -fe h T -fe ^ ;i/-coA^7^ l^^tStt ^ ^ -5 

Z.}li:)'^X^^^^mX-ibMS^\zUmttji<. M.^mz.\t. x y t r (Esche 
richia)M, >'t^;i/>^ (Baci 1 lus)^, >y ^l— K^-:^>^ (Pseudomonas)M, "fe^^T 
(Serratia)M, T/b tfA^T^ U A (Brevibacterium)M, 3 U U 'i? A 

(Corynebacterium)M. h I/:/ h n >y (Streptococcu) JR. 'y if h )l' :^ { 
Lactobacillus)M'&if?§±^^^-^®^^$tlTVNS0®, I?- y n V-f -fe X 
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(Saccharomyces)M, ^ -^D V^iz::^ (Kluyveromyces)M, ^W^^ 
■fe (Schizosaccharomyces)^, rJi?" >y ijW^-i "fe ::^M(Zygosaccharomyces), 

^D^?^T(Yarrowia)M, S U nXJ^D > (Trichosporon)M, nK^JKU^'^i^A 
(Rhodosporidium)M> /N>-^5f ^ (Hansenula)M, tf^T (Pichia)M, 
>f ^(Candida) M'fc if O^-®^ ^ ^ D (Neurospora)M, T:^^;^:^;^:^ (As 

pergillus) ,iz:7r HXtKU A (Cephalosporiuiii)M> N U (Trichoderm 

[0 0 2 6] 

mbrook^, =^\/^=l^— • ^n— — Cold Spring Harbor Laboratories) „ 

h r -fe ^ ;i/-coAM7c^^»^^- s: $ -fr s *?) icii, ^ -r^^m * tC ^ V > T ^ 

^^J^S^-e^X^ • ^StmiKj > #{C^#lCS9bTtt. Adv. Biochem. Eng. 4 
3, 75-102(1990), Yeast 8, 423-488(1992) ^: ^'tCf^0(Ci3KE$ t^-T V^ -5 . 
[0 0 2 7] 

m^i-i> X>>aiVtlTM> #{C>'vJ®a(Escherichia coli)^C^V^T^i, 
^ K'^i^ ^-i: LT, PBR, PUC^-;^^^^ FSrfUmt?^, lac( /S ^ h >> ^ 
-if) ,trp( h U h 7 T >:r^n >) ,tac(lac, trpCDife-^-) , ^ 7 T- i^TL ,PR 

1 8 ffisiE#¥ 11-3061391 
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[0 0 2 8] 

7^ T - .amy ( a - T ^ ^ - ^ i?*^?fJM ^ S o 
[0 0 2 9] 

^zi- K^-:^>^.M^C33V^T^i, i/^- F^•:^X • (Pseudomonas putida) 

, t/a. - K^•:^>^ • ir A° T (Pseudomonas cepac i a) ^ if "T? ^ ^ ^ ^ - :^ ^ 

^{cic LfeJtS^^JEgg^^' ^ - (RSFIOIO^ if lcS5f|-r-5 &#6!r«iglC.iM|;&jlfe^$: 

A'-if (#^^5-284973) if Pb^^UM-e^ -So 

[0 0 3 0] 

revibacterium lactofermentum)^C^V^T^d:> pAJ43(Gene 39, 281 (1985)):&if 
[0 0 3 1 ] 

3 U ^7AM, #tC, :3 U A ^ ^ U • y 3? ^ :^ A (Corynebac 

terium glutamicum)lCfeV>Tli, pCSll(#^Bg57-183799) ,pCB101(Mol. Gen. Ge 
net. 196, 175 (1984) ^ ^ ^ -iJ^m^'^ll^V^^. 

[0 0 3 2] 

>^ h l^:/hn>j/557X(Streptococcus)Mlc33V\Tli. pHVlSOl ((FEMS Microbio 
1. Lett. 26, 239(1985)) ,pGKl (Appl. Environ. Microbiol. 50, 94(1985)) 

[0 0 3 3] 

h/15^;i/^(Lactobacillus)MlC^V'»Tli, X h 1/ h n :;S7XMMIC^ 
56StV7^pAM31 (J. Bacteriol. 137, 614(1979)) fj^ i£t)'^mm»S1I^V& V . ZfU 
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[0 0 3 4] 

■9-»y?t7DV>r-fe::^(Saccharomyces)M. # tC f- D V >r ir X • -fe UbfS^'TmC 
Saccharomyces cerevisiae) icfe V>Tli, YRp^, YEp^, YCp^, Ylp^y^:^^^ 
F^^^UM y , tf-#^Ef § U J^y- A D N A 

m^^^imiyt=.^y^yiy-t^By^^ ^- (EP 537456:5;if) li. 

, adh(t;i/=i-;uB»^^^) ,GAPDH(^*y -fe;i/T;i/7'ti K-3-y ^MtK^^^) 

, PHO :r X 7 T ^ - if ) , GAL ( jS - 7!/ ^ h ^ - -fe') , PGK (Jt; X ^ y -IZ 1/ - 

[0 0 3 5] 

^-f /<n V>f -feXM. #{Ci7 V^-fe::^. • ^^J^-t^^- (Kluyveromyces 

lactis)^c^v^r^i, -tJ- :3tj n V >f -fe X • -fe utf$; 731^5(52 ytim^^^:^. ^ K,p 

KD1^^^>^^ K (J. Bacteriol. 145, 382-390(1981)) , ^^-?SffilCM^-r 

-SpGKUft^l^y^:;^^ K,^7^>f /<n x'^r-fexMfcfei-tsg^ifJBme^KARS^y 

K,';7}<y-ADNA^ifi:®*g|WIiifi|^;llCi:y^-fe^<s4»lC^>5^^7'l.'- b 
^-:/^X^ K (EP 537456:^ if) if *^fUM "Tlg-efeSo * fe, ADH.P 

[0 0 3 6] 

^ y-iJ- D V -fe X (Schizosaccharomyces) V^T li, ^i?- :^ n V 

>f-fex • 5j<>^fi5{50ARS(e#^iglcg|^-r-5a^^):SL?Jf-9-»y ;?jnv>r-lrx • 

-Tb^jpJffloIlg'efe'S) (Mol. Cell. Biol, 6, 80(1986)) » * fe, i/yi^y^Sjav 
>f-feX • 7K>^fi5l^®ADH^D^-^-;&if7b^5piffiT'%^ (EMBO J. 6, 729(1987 

)) c 

[0 0 3 7] 

zflJ- ^y ?!7 □ V ^ -fe XM (Zygosaccharomyces) tC V^ T ^ zS-*)- yijU^4 
■feX • D 't' ^ (Zygosaccharomyces rouxi i) ft5f5(Z)pSB3 (Nucleic Acids Res. 1 

2 0 ttlliE#¥ 11-3061391 
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3, 4267(1985)) f£ EiZJ^m^t ^ ^ -t»mm'^mr^$>^) > 

n x^^irx • -fe l/tfe/r3iE&5f5PH05:/n^~t5f-^, ^=f-9-^y :^ n v>r -fex • n 

Syft5f5GAP-Zr(^'*U -fe ;i/ T ;i/ t: K- 3 - U >^HJi7Ki^^^)(Z)^D ^- ^ - 
(Agri. Biol. Chem. 54, 2521(1990)) if Tb'^fljffl BTIgT^So 
[0 0 3 8] 

y'N^if ^9(Hansenula)MtCfeV>Tl3:. /N>1f5?^ • jKU ^;i/:7 r (Hansenula 
polymorpha)^CfcV^T^gi'<^^ ^-:^*'^|g#§$tlTV^'5„ ^^^-i:LTli, 
>-fe'5?^ • jJ<U^;i/7T*5l^g#^iStCBB^'t'53ft^^ (HARS1,HARS2) =t;frJM 

>A^^^"e^^ (Yeast 7, 431-443(1991)) » ^fc. ^ ^ if "eil^S ^ 
-5 AOX (T ;i/ 3 - ^ if) ,FDH (^^ffii^ifcm^*) <Z)>^n=E-^-^ if *^^U 

[0 0 3 9 ] 

tr^JIrr (Pichia)MJCfeVNTtt, fc:°=¥T • f^T^ b U>^>(Pichia pastoris);^ if JC 
tf ^ T e JC f (PARSl , PARS2) $IJM L. ;t ^ ^ 

-^*^^l§$tlTi3y (Mol. Cell. Biol. 5 , 3376(1985)) , l^mit^tti:^^ 
y -;i/'eM^'5rtgJ&A0X;&if^:t;^:/n^-^-:^)^^aMT'^-5 (Nucleic Acids R 
es. 15, 3859(1987)) „ 
[0 0 4 0] 

^^>T^>f ^(Candida) M^Cj3V^T Id:, ^* • h —9- (Candida ma 

Itosa), ^r-V>7^-Y ^ • T;^t^?5j>:^ (Candida albicans), ^^y?^^' VU 
tr:j!j y X (Candida tropicalis), • i^^^^I/X (Candida utilis);i&if 

li^^^T^^" ^* • h--b-E&5f^ARS:6^^ n- — (Agri. Biol. Chem. 5 
1, 1587(1987)) , r4x?:faMb^^^^-*^^lilStlTV\^<, ^fe, ^^^t^' 

n^-^-*^^|§$tlTV>S (#^¥8-173170#<i:i#) „ 
[0 04 1] 

r>^^;i/^;i/X(Aspergillus)MfCfeV>Tld:, rx^;i/=¥;i/X • —:^-{kspeTg 
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illus niger). T yt.^JV^)Vy^ • :tU i^— (Aspergi 1 lus oryzdie)t£Ei3^i}}:f(Dtp 

(Trends in Biotechnology 7, 283-287(1989)) „ 
[0 0 4 2] 

h y n-7^;VT(Trichoderma)MJCfeVNT», h U 3t^;1/V • V --^^ (Trichode 
rma reesei) ^frj^ b3^a±'<i^ ^ -^7^^^^^ tl, --fe'M'fe^a 
5fe:;/'D^-^-^if A^frJM'e^S (Biotechnology 7, 596-603(1989)) „ 
[0 0 4 3 ] 

[0 0 4 4] 

m^^^sMcDmrnt. mn. o.i-soro-e^y, ^f^L<tti~2o%i?^-5o 

> MV^S^^*{*, ®S> 0.01~500U/ml-Mf£i:?^-e^y, ^?^b<li0.1~50U/m 
l-MJC5?RT'fe-5. ;KJC5^^C^iMV^§^*(Z)M^f (NADPH* :t ttNADH) 

S:«MlC>t^LT 0.00001—5^*, * L < liO.OOOl— l^*$:i^MllClS CT^lrt] 

^Mv^^z:i:*'^T'^So ^^V-y. i^^x 

$:MVASZ:i:tT-^-5o H/SMMli. 4~50'C, ^ L < lilO~30iCT'fe 

So )KtSpHli, 3tS, 5—9, * b<li5.5~8.0-efe-g>c ;KJC&(CJ: y^J5&i--5(S 

o 

[0 0 4 5] 
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+ 



RmKi5\>^Xit. Til:. M7C;S^5^C#|5iL/TNADPH*^P,^^f €>NADP^^, NAD 



$-ii:SZ:^lj5)^-5rigT&-5o ^fc, NAD (P) e> NAD (P) 



TK^^m. ^ymm.7Kmmm. ^mmyi^mmm. T;i/3-;i/B»^i 



(D^mm. *:^tt5»^^*$:fflVxTNAD(P)H«)|f^S:^TS) r i:*^-e^^o S^T 



T 



[0 0 4 6] 



2^l§^JC^3VAT«> T-fe h"7-fef^;i/-CoA5t5t^^^NAD(P)H:g^|gS:?t-rS 
[0 0 4 7] 

T -fe h T 1r 5^ ;i'-CoAM7tP* % b < ^ ->?r h T ;i/M7C^* 2i > NAD (P) HS^ 
NAD'^t;b<liNADP"^$:, MAl^, L TO.OOOOl-'S^*, ^ftb<tt> 0.0 



OOl'-l 



[0 0 4 8] 
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[0 0 4 9] 
[0 0 5 0] 

izBM (Escherichia coli) JM109^?:LB^:ffi (Bacto-Tryptone lOg, Bacto-¥ 
east extract 5 g, NaCl 10 g/UT'^^L, # tlfeffi-^ J: U Qiagen Genomic-t 

ip(Qiagen^t9g)S:MV^T, §^#.#DNA$:Migb:^o ±mMO) ^ hT iy )V-kC?m. 
TCBMM'B^ (fabG) (J. Biol. Chem. 267, 5751-5754(1992)) ^PCR^U— — 

y^-t^t=.mz^ «5tit^^(^5* 5fc3§§, z'^m<Dmn^mz^ >^^>rv-ECR-AT 

Gl (5' -AAAGGATCCAACAATGAATTTTGAAGGAAAAATCGC-3\ iB^J## : 3 ):S.t)fECR-TAGl 
(5'-TGCCTCGAGTTATCAGACCATGTACATCCCGC-3\ @e^J## : 4 ) ^-^fi^ b fco 
©^-fe^zfcDNA^r^Mi: L, ECR-ATG1,ECR-TAG1$::/^W V- i: bT, PCR(95X:,30 
SO'Cli)-, 75X:,2:$»$:30-9--f ^;i/ffv>, #Me^3&iti|fS-9-> 
[0 0 5 1 ] 

#btlfcDNA^;t$:BamHI,XhoI(D2a!li®$!lPS^^T'2Mm'fI:L:tc ^^X^ K 
'^^ ^-pSE420(InvitrogenttiS) S:NcoI,BamHI-ezlMM'ffcL, tJ? l^^ 't^f^^i^S 
^, Sa^^biKUS^r^f V^, pSE420B$:#fe„ pSE420B§:BamHI ,XhoIT'2fim^l: 
I^DMIl^^T'2mM'fkb:tPCRiii|(il^>ti:T4DNAU ^*-if j; tJ pSE-ECR 
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[0 0 5 2] 

pSE-ECRlVMW^^hr=.:KmM^B10im (E.coU HBlOl (pSE-ECRl)) S: T > 
e/ij>50 me/L^^tiimM^5mLX^m^^m^. IPTG§:0.1 mM^^JOb. $e>C5^ 

[0 0 5 3] 
[0 0 54] 

jg^^Stt^li^li, 50 mnV Zymi^ V ^ J^mWmiP^ 6.5), 0.2 mM NADPH, 20 
mM 4-^nDr-IZ hB^^3i5^;i/(T-fe hit^:r^;i/M7C?Sft(Z)ii^®^-^l-«20 m 

MT-fe hif^x^;i/, r-fe hr-fe^;i/n3i>-!f>ri=NAM7S?S'a®iff^®®-^ictto. 

UZ^ht^o ^tficD TECAAj 1^4-^7 n a T-fe hB^M:i: Te 

AAj «Tir h»^x^;i/a:x^;i/S:, taasCoAj ld:Tir b T-fe^;b- =ix>if >f 

[0 0 5 5] 

[«1] 





NADPH 
ECAA-R 


NADPH- 
AASCoA-R 


NADPH- 
EAA-R 


NADP*-R- 
ECH6-DH 


NADP*-S- 
ECHB-DH 


iiiiiiiiattaj>% 


100% 


116% 


1.90% 


0.010% 


0.004% 
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D DTir M^mx^;i/:nX7^;i/51^vS'ffiS:^L/, ^(Dit^mt. 0.90 U/mg-S 
aK"e^o^o ^J3, -/^^^ FpSE-ECRlSr-g-^J&VNHBlOl^Oa^it-eitlBl^lC;^ 

fee 

[0 0 5 7] 

>y- L T ^ if IS 5: ^ ^ ^ jb^ o o 
[0 0 5 8] 

h U Xi^^M®?K(pH 9.0), 2.5 mM NADP''', 20 mM 4-i7UU-3-\l Y^U^i/WtWl 

ECHBj Fn^S/i^@?x5^;i/XX7^;i/$:^-r= 
[0 0 5 9] 

200 mnV V 2^f^m^iv^ 6.5), 146 mM NADPH, 2% A-^UUyM 

^X5^;i/ (122 mM)S:tJ^IIWJ2-eM$^L/:t /S->?r h T^;V-ACP3g7GS*2US:-^t? 
1 mL(D;S/:S?^5:mv^, 20X: T'lBfe^^/^^^i^TT^o 
[0 0 6 0] 

:^4-^7nn-3-t Fn:^iyM^x5^;i/xx-7^;i'$:^*b^c n v h ^^'^7 

-f-ii, -9--^>3000^7 v;i':/w(2 m, M^-fbxttlg) , :*^-^?a;gi50x:, 

^m?a!^250°C(Z)^#T% *^i^^-r:r>^[:^ffi^(FID)lC^ y^ff ofe. 

4-^Dn-3-t: Fn^S/mMx^;i/x:;<.7^;i/^iSl±l3.3 g/L-T'fey, iR^li66.3% 
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[0 0 6 1] 

-(:3!j^A,^*>r-fe;wb^l^^^;i'-fe;i/OD;^l&^B,n->\dr-9->/>r )^-^u/-^j -ji 

(9/2);Rmm;?^^,0.5 mL/^^)lCj; »;?B!f^L;to ^<OMm> ^^mmit96.5% ee 
[0 0 6 2] 

200 mMU >M5!jU 't^AM®?^ (pH 6.5) , 2% 4-:J7 D D Tir h W^n:^;i/:rx 
(122 mM). l.OmM NADPH, & h7 i/ )\/-kC?M7hBBl U, 250mM y^I/U- 

10 u i^*;i/n-x]§5i7Kffl^^ (fn^^M^tlSg) ^^tii niL(DRmm^mv\ 2 

^"e, 95 . 4515 ee (S)Jg^Ji®4--5^ n D-S-b: Kn 
[0 0 6 3] 

-IS :^ a (Bacillus subtiis BGSC 1A1^)?:LB^:% (Bacto-Tryptone lOg, Bacto 
-Yeast extract 5 g,.NaCl 10 g/L)l?^^L, #e>tl^®<i!|s^ U Qiagen Genomic 
-tip(Qiagen^fc$^)$:MVNT, HSfe^DNA^rliigb^o ^W^MO) P h7 i/ JV-kC? 
MjimmMB^ (fabG)$:PCR^n-:^>^-r<5fe«)lC. «it51^^®5* -5K> 3' - 
M0m^i ^ftlZzf^^ V-BSR-ATGl (5' -GGACCATGGATATGCTTAATGATAAAACGGCTA-3' 
. ®J^J#-^ : 7);S:t>*BSR-TAAl(5'-GAGAAGCTTCTCGAGTTACATCACGATTCCGCCG-3' , SB 
^JH-^ : 8)^^^V^o tt^^(^^^^DNAS:^M^ b, BSR-ATGl ,BSR-TAA1$: 
:/^-r'7-il UT, PCR(95X:,30#, 50X:,li^^ 75X:,2:$^)S:301?--f ^Mf V>, # 

[0 0 6 4] 

# e> tlfeDNAI^;^- $:NcoI ,HindI II(Z)2i|!^®MPS^^"T?2Mm'ft: U fee ^ 



1 1-3061391 



iff 1 1 — 098205 



5r_pSE420(Invitrogenig)§:NcoI,HindIII-ez:M?f'ffc:L/, H t:^MI^^^"^ 
2|im^bL^PCRititfam;ii:T4DNAU;!/-if{Cj:*JiS^b. pSE-BSRlS:f|fec 

L7t7b^> jeAT®lb!jm®^5^r^ 7^gg|*^M^tlfec 5=^-^^-;^ (DDBJ(DNA Da 
ta Bank of Japan,) Access ion No. U59433) SB^®25^AlalC^M^-r '&GCT*^GAT 

iCgilLTfe*;, 25^liAsp-efeo^„ # tlfcfabGit^^^^^SiH^'J?: 

5 JC^"^„ 

[0 0 6 5] 

immm & ] m^s® ^ ->?r h r i/;i/-ACPM^^^}t^^^©^3^ 

pSE-BSRl'e?^KK^L/:fe::^®SHB101* (E.coli HBlOl (pSE-BSRl) ) T > tf 
y>50 mg/L$:#t^LB^:®7 mL-t?^^^*^, IPTGSrO.l mM^^tlL/, $e)lC5^[^ 
^#L^o #e>tlfctt^*:$:m®^. ^i^tf- htf-^-8(BI0SPECt±^)T??gc#L 

[0 0 6 6] 

?B!lSbfeo M^J^II^*2lC^bfec ^ife. ^tfJC?) TECAAJ m-^UUT^hm 

^x^;i/x>?. 7^ taasCoAj liT-fe hTir5^;i/-nx>-!f^ AA$:^-to 

[0 0 6 7] 

[*2] 





ECAA 


AASCoA 


S-ECHB 


R-ECHB 


NADPH 


NADH 


NADPH 


NADP* 


NADP* 


U/mg 


0.133 
100% 


0 

O.OX 


0.030 
22,3% 


0.002 
1.3% 


0.002 
1.3% 



[0 0 6 8] 



2 8 



miiE#¥ 11-3061391 



#5p 1 1 — 098205 



^DDT-fe hS^l?x^;i/x^^;i/jl7C?§ttS:^b, ^(Dit^mt. 0.133 U/mg- 

MaHl?^o^o ^^3, KpSE-BSRl§:-^t^VNHBlOl**0a5^tT'li|SF^{C 
[0 0 6 9] 

^foSilAyif^^btStt^r^^jfeTb^ofeo m^<D rECHBj li4-^ D n-3-fc: K 

[0 0 7 0] 

200 mMU >@E7!j U ^A^®?S(pH 6.5), 1 mM NADP"^, 2% A-^UUT-^h^Wt 
x^;i/ (122 mn)jSLXJ^Mt^M8.-vmMl^t=.&-^ hri/J\/-kC?M7rMM0.8 U, 250 

mM ^•;i/=i-x, 3.2 u^*;i/n-xffij7K*^* i^^mM^tM) ^^tii mhcDK 

f5?KS:mv>, 25r;T'lHSfS$i±feo ^^*f SrHSfeM 5 0:&^^C J: »Kf o 
^4fi«I{C, 98.1% ee (S) &.±0)A-^ U U-3-\l \^ U ^ i/mm:^^JVt)'^'^m^nt:L 

[0 0 7 1] 

^;i/XhxT- n— hD"7r (Ralstonia eutropha DSM 531) ^zf ^ Hy^^ 
5.0 g , Kzfhy 15.0 g, NaCl 5.0 g, KgHPO^ 5.0 g / 1 L) V 
#e>tlfeffi<*J; »JQiagen Genomic-tip (Qiagen^t^) $:MV\T, ^-fef*: 



2 9 



aiiE#^ 11-3061391 



1 1—098205 

[0 0 7 2] 

^jv:^h—r'=^-huyr(D7izhr'k^JV-Cokm7X,WMMB^ (phbB) ^ 

- AER-ATGl: (5'- AGTGGATCCAATGACTCAGCGCATTGCGTA-3\ @B3?'J#-^ : 1 1) Jk 
t>*AER-TAAl (5' - AACAAGCTTCTCGAGTTAGCCGATATGGAGGCCGC-3* , @B3^J## : 1 2 ) 

[0 0 7 3] 

hziT • -3.- hD7T<5!)^fe^DNA$:^Mi: b, AER-ATGl, AER-TAAlS: 
:/^--rv-i: L/T, PGR (95TC, 30#, 50X: , 1^. 751C , 2:$» 30-9->r ^ V^ 

[0 0 7 4] 

#e)tlfcDNA^;t5:BamHI, Hindll I(;D2a^(Df!ri^^^T'2Mm'fl: b fee 
1 (3D:&^IC4; yMS^L/fe-/^^^^ K^^^ ^-PSE420B SrBamHI, HindIIIt?^M?f 
^fc 1^ Di!llSS*T'2Mm^b LfePCRiiipi^/t i:T4DNA U if—€iZ J: U b, P 
SE-AERl$:#fe. 

[0 0 7 5] 

[0 0 7 6] 

F pSE-AERlT?^S«^Lfe:*:j^ffi HBlOl^ (E.coli HBIO 
1 (pSE-AERl) ) §:T>tri/U>50 mg/L^-^tfLB^^? bLT'*^^^#^, IPTG^ 
0.1 mM^JIIb, $ blCS^K^^L/fe. 
[0 0 7 7] 

mhtlfc^mii^^Mm^. ^:^lf-htf-^-8 (BIOSPECttl^) 

L feji^ M^j^tt ^ L fe . 

[0 0 7 8] 

CHJiMl 4] >nr • ci- huy tO)^^ h Tir^;u-CoAM7n^^ 



3 0 



aiiE#¥ 11-3061391 



11-098205 



[0 0 7 9] 





AASCoA 


ECAA 


S-ECHB 


R-ECHB 




NADPH 


NADPH 


i NADH 


NADP* 


NADP* 


U/mg 


0.984 


2.50 


0.056 


0 


0 




100% 


255X 


I 5,7% 


0% 


0% 



[0 0 8 0] 

^DDT-fe hit^3i^;i/XX7^;i/^7C?S'ft$:^0> ^(Dit^mt. 2.50 U/mg-^ 

fiH'efeoJt, ^fe, y''^^^ KpSE-AERlS:-^^^VNHB101i^(D*?^iT?li|^^lC:^ 
[0 0 8 1] 
[0 0 8 2] 

^JSMl 3T'#e>tlfe*!l»fl^^^mMS:Mv^, (S)*5^tt(R)-4-^JrnD-3-b: Fn 
t T =fo If ^ ^'lE-ffc^SfS fjtti'-ot^o 

[0 0 8 3] 



3 1 



5p 11-3061391 



1 1—098205 



100 m}iV ymiiJ V ^ AMWW. (PH 6.5) , 1 mMNADP"*". 2% (122 mM) A-^UU 
Um67%X% 99% ee (S) ^±©4-^ n D-3-fc FD ^^>i&^:n^;i/*^-^^$nfe 

o 

[0 0 8 4] 

immm i 7 ] ^m^mzr^y. ^ fpse42od(Z)^^ 

HJSMl T'^SIbfe:^^;^^ KpSE420BS:2o©f[I^^*MunI, SpeIT2SM<l: 
L/, -^^DNA SE420D-S 1 3 : AATTCTCGAGTAATCTAGAGGAATTCTAAAA) il 

-^^DNA SE420D-A (@B3?lI#-^ 1 4 : CTAGTTTTAGAATTCCTCTAGATTACTCGAG) ^7 — 
-;i/=^{CT4 DNAU^ij'-ifejSlgL/, pSE420DS:#fe„ pSE420D(Z)^^X ^ KV >y 

5:0 1 lC:g^L/fco 

[0 0 8 5] 

, -XW, (J. Bacteriol. 166, 238-243 (1986)) ^W.(D^^^^^if )\/n-7s^% 

C0iB^[I^7Clcy^>f V-BSG-ATGl (GAGGAATTCATACATGTATCGAGATTTAAAAGGAA, IB 
: 1 5) , BSG-TAA2 (GGTAAGCTTTCATTAACCGCGGCCTGCCTG, @H^J## : 1 6) 

HJSMV ICi: t;iS^L^te:^SS^-fe#:DNA$:^35[i: bT, PGR (95°C, 30#. 50 
"C, 1:9-, 75r;, 3:$M5#)^30-9->r ^7;Wf V^, #Me*r^*tiPlDNA$:#fe„ 

^i^n:tDNA^>t$:EcoRI, HindIII©2S|S|S©MPS^^T'2ai'ift:b^o HJ^M 
1 lXmmhf=.^=^^K K'^^ ^-PSE420L SrEcoRI, HindIII-e2aM<l: IH 
^^T2M?mtLfePCRftipgDNA^;t$:T4 DNAU :;tf-if T-jftJ^ L> pSE-BSGl 



ailiE#^ 11-3061391 



#5)1 1 1 — 098205 



WAmm}n(D^&mmO)mm^n^t^^m> ^^-^^^-^^ (DDBJ Accession 

No. M12276) izum^tix\^^^^^mnt-t^x—mvr:^a 

[0 0 8 6] 



MM 1 LfcpSE-ECRl $:BamHI , XhoI(7)2o(Z)MPSS^'t:-2M?g^b :^ 

^ KpSE-BSGl$:BamHI, XhoI(D2o(Z)S'JRS^^"e2MM^t pSE-ECRli: U 

T4 DNAU:**-if-e^^b, ^;Hi-XHJJ;!fc^^^i: /S - ^ h 7 JV - kCPmytm 
m^mmzn^'^lli^^'^^^y^^ KpSG-ECR1$:#^o ^'■^X^ KpSC-ECRlCD-^^yy 

[0 0 8 7] 

CII]66M2 0] ^MmmM(0& ->T hTe/;i/-ACPM7t:^^i:A^;^x • 
XzT^ D X fi5(^<Z) i'Vl/ n - :^ ffiiTKl^^^a-fe^ S x ^ KpSG-BSRl 

^JgM7T'«iSL/?^pSE-ECRl$:NcoI, Xholor>2-o©S!f|5SS^l?2SM'ff: 
a5l^<D jS - h T Sy - ACPilTC^^it'e^ ^ -^t?DNAflr>Tr L fee 



7T'=P^Lfctt:^®S5R®^;i/n-xg»; 



5 KpSE-BSGl^NcoI, Xholc3r)2oOMPS^^-e2Mm^bL, pSE-BSRli U M^^T' 



^I^NpJC563^nrii^>''^X^ FpSG-BSRl$:^;t. zt'yT.^ KpSG-BSRl®V 
3 {CLi?)1-o 



3 3 



ffitiE#¥ 1 1-3061391 



S^W- 1 1—098205 



[0 0 8 8] 



Sy^::^^ KpSG-AERl® 



^ KpSE-BSGl5:NcoI, XhoI(Z)2o(Z)fl||SS^-e2fiMfb b, pSE-AERl <fc U im^^T? 

r-fe^;i/-CoA^5t:^^5:im^lC|g3^Hrig^>''^X^ FpSG-AERl?:#fe<. 

^ KpSG-AERlOV^y 3^5:04 JC^-To 
[0 0 8 9] 



• n- hn^r fi5f5®T-fe bT-fe^;i/-CoAM7t^m$:l«I^JC#§3^-r'5fe*t)<^>'' 
KpSG-ECRl, pSG-BSRl, pSG-AERl (IB^Ii) IC J; U ::^;©@HB10l3^$:?^M 

mb:to 

[0 0 9 0] 

^tl^tlOy^::^^ F*^e>^i^tlfeM^;t:^ift»5:2xYT^:^ (Bacto-Tryptone 



20 g, Bacto-Yeast extract 10 g, NaCl 10 g/L) {; 
IPTG^rO.l mM^JUb, S IC41§W^^ b fee 



b, 30t^T^^^*b 



b. 



3 4 



m$E#¥ 1 1-3061391 



#^ 1 1—098205 



[0 0 9 1 ] 

i^mmZSl pSG-ECRl, pSG-BSRl, pSG-AERlT'?^g^g|bfc;^l#®<D#m?S 

mMM2 HZ mm l^tcpSG-ECn, pSG-BSRI, pSG-AERl^tl^tl-rj^S^^ 

Lt^izmM mL=m^) mLa^mi^-^WW. (100 mMU^^^V't'A 

(pH 6.5) , 0.025i 2 -^;i/:?t7>''hx^ y 0.5 Migfb:^ h U A) 

^jvzi'-y^m.yi^mmmm-\i(DmMit> loo mMU>M:^y ^t^AMft^S (pH 6.5) 

, 2.5 mM NAD\ 100 mM D-^^Vl/ =1 - Xj&.^)^^^^-^t^Ml^S?^^*•e25t: "efc r ^ o 

pSG-ECRl, pSG-BSRI, pSG-AERl $:^0#M^;^:'C®M*^ e>#^ffi^^?S®#P 
^?SttS:t)^SECHB-a-fiKS:^4 iC^Lfeo 
[0 0 9 2] 

[*4] 





BBt^^ (U/mL-br: 


SECHB 


GlcDH 


ECAA-R 




ee(%)S 


pSG-ECRI 
pSG-BSRI 
PSG-AER1 


0.476 
4.089 
3.717 


0.151 
0.203 
1.475 


20.3 
42.3 
42.8 


93.7 
98.0 
99.3 



U/mL-br: Jg^jR 1 mL fef:: y a>P^^1S 
GlcDH: XJKtK^K^ 
ECAA-R: 4-^7 □□T-tr K|^^x^;U5S7cp* 
SECHB: (S)-4-'57PP-3-t Kn^viS^x^^jU 



[0 0 9 3] 

K$::tL^v^:^MS^i, ifjvzi-:z.myi<mmm. 



mSiE#¥ 1 1-3061391 



#^ 11—098205 



X-5^;i/M7tl?S'l4a)V>-rtl%^b^V%;5)^, pSG-ECRK pSG-BSRl, =fo L < «pSG-AERl 
[0 0 9 4] 

pSG-ECRl, pSG-BSRl, pSG-AERlTi^a^^L/fel^MffiSrMV''^ 

(S)-4-^nn-3-ti Y^u^i/mm:^^)^^^ 

1 ^CfeV^Tiii§bfcpSG-ECRl, pSG-BSRl, pSG-kERl^ ^n^^^tizk 

20mL J; yM$^L/fc#:^Mffl, 200 mv ymi^ V ^ J^mWW (pH 6.5) 

> 4% 4 -^nnr-fe hi^^X^;]/, 486 mM D-ij7*;i/n->?., l mM NADP"^ 

^I^W.^<D (S) -4 -^nn- 3 -n Kn^$/M^:i:^;K3!)^4MtJ^lc^^ 

[0 0 9 5] 

T-fe hTir5^;i'-CoAS7^^^^fUMLfe3fe^?S'l4(S)-4-/Nn-3-t: Fn=^ri:/SI^ 

[0 0 9 6] 

SEQUENCE LISTING 



ffiliE#¥ 11-30613 9 1 



#^ 1 1—098205 
<110> DAICEL CHEMICAL INDUSTRIES, LTD. 

<120> Method for producing optically active 
4-halo-3-hydroxybutyrate ester 

<130> D1-003DP2 

<150> JP 1998-126507 
<151> 1998-05-08 

<150> JP 1998-300178 
<151> 1998-10-21 

<160> 18 

<170> Patent In Ver. 2.0 

<210> 1 
<211> 244 
<212> PRT 

<213> Escherichia coli 
<400> 1 

Met Asn Phe Glu Gly Lys He Ala Leu Val Thr Gly Ala Ser Arg Gly 

15 10 15 

He Gly Arg Ala He Ala Glu Thr Leu Ala Ala Arg Gly Ala Lys Val 

20 25 30 



ffi|E#¥ 11-3061391 



#5p 1 1 — 098205 



He Gly Thr Ala Thr Ser 

35 

Leu Gly Ala Asn Gly Lys 
50 

Ser He Glu Ser Val Leu 
65 70 

Asp He Leu Val Asn Asn 

85 

Arg Met Lys Asp Glu Glu 

100 

Ser Val Phe Arg Leu Ser 
115 

Arg His Gly Arg He He 

130 

Asn Gly Gly Gin Ala Asn 
145 150 

Phe Ser Lys Ser Leu Ala 

165 

Asn Val Val Ala Pro Gly 

180 



Glu Asn Gly Ala Gin 
40 

Gly Leu Met Leu Asn 

55 

Glu Lys He Arg Ala 

75 

Ala Gly He Thr Arg 

90 

Trp Asn Asp He He 
105 

Lys Ala Val Met Arg 

120 

Thr He Gly Ser Val 

135 

Tyr Ala Ala Ala Lys 

155 

Arg Glu Val Ala Ser 

170 

Phe He Glu Thr Asp 

185 

3 8 



Ala He Ser Asp Tyr 

45 

Val Thr Asp Pro Ala 

60 

Glu Phe Gly Glu Val 

80 

Asp Asn Leu Leu Met 

95 

Glu Thr Asn Leu Ser 
110 

Ala Met Met Lys Lys 

125 

Val Gly Thr Met Gly 
140 

Ala Gly Leu He Gly 

160 

Arg Gly He Thr Val 

175 

Met Thr Arg Ala Leu 

190 

ffiliE^^l 1 



T 

1 1 — 098205 



Ser Asp Asp Gin Arg Ala Gly He Leu Ala Gin Val Pro Ala Gly Arg 
195 200 205 



Leu Gly Gly Ala Gin Glu He Ala Asn Ala Val Ala Phe Leu Ala Ser 

210 215 220 



Asp Glu Ala Ala Tyr He Thr Gly Glu Thr Leu His Val Asn Gly Gly 

225 230 235 240 



Met Tyr Met Val 



<210> 2 
<211> 735 
<212> DNA 

<213> Escherichia coli 



<220> 
<221> CDS 
<222> (1)..(735) 



<400> 2 

atg aat ttt gaa gga aaa ate gca ctg gta acc ggt gca age cgc gga 48 

Met Asn Phe Glu Gly Lys He Ala Leu Val Thr Gly Ala Ser Arg Gly 
15 10 15 



att ggc cgc gca att get gaa aeg etc gca gee cgt ggc gcg aaa gtt 96 
He Gly Arg Ala He Ala Glu Thr Leu Ala Ala Arg Gly Ala Lys Val 

20 25 30 



m^S^^L 1 1-3061391 



1 1—098205 



att ggc act gcg acc agt gaa aat ggc get cag gcg ate agt gat tat 144 
He Gly Thr Ala Thr Ser Glu Asn Gly Ala Gin Ala He Ser Asp Tyr 

35 40 45 

tta ggt gee aac ggc aaa ggt ctg atg ttg aat gtg ace gae ecg gca 192 
Leu Gly Ala Asn Gly Lys Gly Leu Met Leu Asn Val Thr Asp Pro Ala 

50 55 60 

tct ate gaa tct gtt ctg gaa aaa att egc gca gaa ttt ggt gaa gtg 240 
Ser He Glu Ser Val Leu Glu Lys He Arg Ala Glu Phe Gly Glu Val 

65 70 75 80 

gat ate ctg gte aat aat gee ggt ate act cgt gat aac ctg tta atg 288 
Asp He Leu Val Asn Asn Ala Gly He Thr Arg Asp Asn Leu Leu Met 

85 90 95 

cga atg aaa gat gaa gag tgg aac gat att ate gaa acc aac ett tea 336 
Arg Met Lys Asp Glu Glu Trp Asn Asp He He Glu Thr Asn Leu Ser 

100 105 110 

tct gtt ttc cgt ctg tea aaa gcg gta atg cgc get atg atg aaa aag 384 
Ser Val Phe Arg Leu Ser Lys Ala Val Met Arg Ala Met Met Lys Lys 
115 120 125 

cgt cat ggt cgt att ate act ate ggt tct gtg gtt ggt acc atg gga 432 
Arg His Gly Arg lie lie Thr He Gly Ser Val Val Gly Thr Met Gly 
130 135 140 



ffieiE#^ 11-3061391 
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aat ggc ggt cag gcc aac tac get gcg gcg aaa gcg ggc ttg ate ggc 480 
Asn Gly Gly Gin Ala Asn Tyr Ala Ala Ala Lys Ala Gly Leu He Gly 
145 150 155 160 



tic agt aaa tea ctg geg egc gaa gtt geg tea egc ggt att aet gta 528 
Phe Ser Lys Ser Leu Ala Arg Glu Val Ala Ser Arg Gly He Thr Val 

165 170 175 



aae gtt gtt get ecg ggc ttt att gaa acg gac atg aca cgt geg etg 576 
Asn Val Val Ala Pro Gly Phe He Glu Thr Asp Met Thr Arg Ala Leu 

180 185 190 



age gat gac cag cgt gcg ggt ate ctg gcg cag gtt cct gcg ggt cgc 624 
Ser Asp Asp Gin Arg Ala Gly He Leu Ala Gin Val Pro Ala Gly Arg 

195 200 205 



etc ggc ggc gca cag gaa ate gee aae geg gtt gca ttc ctg gca tee 672 
Leu Gly Gly Ala Gin Glu He Ala Asn Ala Val Ala Phe Leu Ala Ser 

210 215 220 



gac gaa gca get tac ate acg ggt gaa act ttg eat gtg aae ggc ggg 720 
Asp Glu Ala Ala Tyr He Thr Gly Glu Thr Leu His Val Asn Gly Gly 

225 230 235 240 



atg tac atg gtc tga 735 
Met Tyr Met Val 



<210> 3 
<211> 36 



4 1 ffiliE#¥ 11-3061391 



1 1—098205 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 3 

aaaggatcca acaatgaatt ttgaaggaaa aatcgc 36 

<210> 4 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 4 

tgcctcgagt tatcagacca tgtacatccc gc 32 

<210> 5 
<211> 248 
<212> PRT 

<213> Bacillus subtil is 
<400> 5 

Met Asp Met Leu Asn Asp Lys Thr Ala He Val Thr Gly Ala Ser Arg 



4 2 



ail£E#¥ 11-3061391 
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15 10 15 

Gly lie Gly Arg Ser He Ala Leu Ala Leu Ala Lys Ser Gly Ala Asn 

20 25 30 

Val Val Val Asn Tyr Ser Gly Asn Glu Ala Lys Ala Asn Glu Val Val 

35 40 45 

Asp Glu He Lys Ser Met Gly Arg Lys Ala He Ala Val Lys Ala Asp 
50 55 60 

Val Ser Asn Pro Glu Asp Val Gin Asn Met He Lys Glu Thr Leu Ser 
65 70 75 80 

Val Phe Ser Thr He Asp He Leu Val Asn Asn Ala Gly He Thr Arg 

85 90 95 

Asp Asn Leu He Met Arg Met Lys Glu Asp Glu Trp Asp Asp Val He 

100 105 110 

Asn He Asn Leu Lys Gly Val Phe Asn Cys Thr Lys Ala Val Thr Arg 
115 120 125 

Gin Met Met Lys Gin Arg Ser Gly Arg He He Asn Val Ser Ser He 
130 135 140 

Val Gly Val Ser Gly Asn Pro Gly Gin Ala Asn Tyr Val Ala Ala Lys 

145 150 155 160 



11-3061391 
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Ala Gly Val He Gly Leu Thr Lys Ser Ser Ala Lys Glu Leu Ala Ser 

165 170 175 



Arg Asn lie Thr Val Asn Ala lie Ala Pro Gly Phe He Ser Thr Asp 

180 185 190 



Met Thr Asp Lys Leu Ala Lys Asp Val Gin Asp Glu Met Leu Lys Gin 
195 200 205 



He Pro Leu Ala Arg Phe Gly Glu Pro Ser Asp Val Ser Ser Val Val 

210 215 220 



Thr Phe Leu Ala Ser Glu Gly Ala Arg Tyr Met Thr Gly Gin Thr Leu 

225 230 235 240 



His He Asp Gly Gly Met Val Met 

245 



<210> 6 
<211> 747 
<212> DNA 

<213> Bacillus subtil is 



<220> 

<221> CDS 

<222> (1)..(747) 



<400> 6 

atg gat atg ctt aat gat aaa acg get att gtc act ggc gca tec cgc 48 

4 4 ffiliE#¥ 11-3061391 
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Met Asp Met Leu Asn Asp Lys Thr Ala He Val Thr Gly Ala Ser Arg 
15 10 15 



gga ate ggc cgc tea ate gee ctt get ctg gea aaa age gga gea aat 96 
Gly He Gly Arg Ser He Ala Leu Ala Leu Ala Lys Ser Gly Ala Asn 

20 25 30 



gtt gtc gtg aac tae tee ggc aat gaa geg aaa gea aat gaa gtg gta 144 
Val Val Val Asn Tyr Ser Gly Asn Glu Ala Lys Ala Asn Glu Val Val 

35 40 45 



gat gaa ate aaa tea atg ggc aga aaa gea att get gta aaa geg gat 192 
Asp Glu He Lys Ser Met Gly Arg Lys Ala He Ala Val Lys Ala Asp 

50 55 60 



gta tea aat cee gaa gat gta caa aae atg ata aaa gaa aca ttg tct 240 
Val Ser Asn Pro Glu Asp Val Gin Asn Met He Lys Glu Thr Leu Ser 

65 70 75 80 



gtt ttt tet acg att gac att ctg gtt aat aat geg gga att aea aga 288 
Val Phe Ser Thr He Asp He Leu Val Asn Asn Ala Gly He Thr Arg 

85 90 95 



gae aat ete ate atg aga atg aaa gaa gac gaa tgg gat gae gtc att 336 
Asp Asn Leu He Met Arg Met Lys Glu Asp Glu Trp Asp Asp Val He 

100 105 110 



aac att aac ctg aag ggt gtt ttc aac tgc aca aaa get gtt aca aga 384 
Asn He Asn Leu Lys Gly Val Phe Asn Cys Thr Lys Ala Val Thr Arg 



ffiliE^¥ 11-3061391 
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115 120 125 

caa atg atg aaa cag cgt tea ggc cgc att att aac gta teg tct ate 432 
Gin Met Met Lys Gin Arg Ser Gly Arg lie He Asn Val Ser Ser lie 

130 135 140 

gtc ggc gte age gga aac cct gga caa gee aac tac gtg get gca aaa 480 
Val Gly Val Ser Gly Asn Pro Gly Gin Ala Asn Tyr Val Ala Ala Lys 

145 150 155 160 

gee ggc gtc ate ggt tta ace aaa tct tct get aaa gag etc gee age 528 
Ala Gly Val lie Gly Leu Thr Lys Ser Ser Ala Lys Glu Leu Ala Ser 

165 170 175 

ega aat att aeg gta aac gca ata gcg eca gga ttt ate tea act gat 576 
Arg Asn lie Thr Val Asn Ala He Ala Pro Gly Phe He Ser Thr Asp 

180 185 190 

atg aca gat aaa ctt gca aaa gae gtt eaa gae gaa atg ctg aaa caa 624 
Met Thr Asp Lys Leu Ala Lys Asp Val Gin Asp Glu Met Leu Lys Gin 
195 200 205 

att ceg etc gcg cgc ttt ggt gaa cct age gat gtc age agt gtt gte 672 
He Pro Leu Ala Arg Phe Gly Glu Pro Ser Asp Val Ser Ser Val Val 
210 215 220 

aeg tte eta get tea gag gga get cgt tat atg aca ggc caa aeg ctt 720 
Thr Phe Leu Ala Ser Glu Gly Ala Arg Tyr Met Thr Gly Gin Thr Leu 

225 230 235 240 
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cat att gac ggc gga atg gtg atg taa 



747 



His He Asp Gly Gly Met Val Met 



245 



<210> 7 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

ggaccatgga tatgcttaat gataaaacgg eta 33 

<210> 8 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 8 

gagaagcttc tcgagttaca tcaccattcc gccg 34 
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<210> 9 
<211> 246 • 
<212> PRT 

<213> Ralstonia eutropha 
<400> 9 

Met Thr Gin Arg lie Ala Tyr Val Thr Gly Gly Met Gly Gly lie Gly 
1 5 10 15 

Thr Ala He Cys Gin Arg Leu Ala Lys Asp Gly Phe Arg Val Val Ala 

20 25 30 

Gly Cys Gly Pro Asn Ser Pro Arg Arg Glu Lys Trp Leu Glu Gin Gin 

35 40 45 

Lys Ala Leu Gly Phe Asp Phe He Ala Ser Glu Gly Asn Val Ala Asp 

50 55 60 

Trp Asp Ser Thr Lys Thr Ala Phe Asp Lys Val Lys Ser Glu Val Gly 

65 70 75 80 

Glu Val Asp Val Leu He Asn Asn Ala Gly He Thr Arg Asp Val Val 

85 90 95 

Phe Arg Lys Met Thr Arg Ala Asp Trp Asp Ala Val He Asp Thr Asn 

100 105 110 
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Leu Thr Ser Leu Phe Asn Val Thr Lys Gin Val lie Asp Gly Met Ala 
115 120 125 



Asp Arg Gly Trp Gly Arg lie Val Asn lie Ser Ser Val Asn Gly Gin 
130 135 140 



Lys Gly Gin Phe Gly Gin Thr Asn Tyr Ser Thr Ala Lys Ala Gly Leu 
145 150 155 160 



His Gly Phe Thr Met Ala Leu Ala Gin Glu Val Ala Thr Lys Gly Val 

165 170 175 



Thr Val Asn Thr Val Ser Pro Gly Tyr Me Ala Thr Asp Met Val Lys 

180 185 190 



Ala He Arg Gin Asp Val Leu Asp Lys He Val Ala Thr He Pro Val 

195 200 205 



Lys Arg Leu Gly Leu Pro Glu Glu He Ala Ser He Cys Ala Trp Leu 
210 215 220 



Ser Ser Glu Glu Ser Gly Phe Ser Thr Gly Ala Asp Phe Ser Leu Asn 

225 230 235 240 



Gly Gly Leu His Met Gly 

245 



<210> 10 
<211> 741 



4 9 
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<212> DNA 

<213> Ralstonia eutropha 

<220> 

<221> CDS 

<222> (1)..(738) 

<400> 10 

atg act cag cgc att gcg tat gtg acc ggc ggc atg ggt ggt ate gga 48 
Met Thr Gin Arg He Ala Tyr Val Thr Gly Gly Met Gly Gly He Gly 
1 5 10 15 

acc gcc att tgc cag egg ctg gee aag gat ggc ttt egt gtg gtg gee 96 
Thr Ala lie Cys Gin Arg Leu Ala Lys Asp Gly Phe Arg Val Val Ala 

20 25 30 

ggt tgc ggc cec aac tcg ccg cgc cgc gaa aag tgg ctg gag cag cag 144 
Gly Cys Gly Pro Asn Ser Pro Arg Arg Glu Lys Trp Leu Glu Gin Gin 
35 40 45 

aag gcc ctg ggc ttc gat ttc att gcc tcg gaa ggc aat gtg get gac 192 
Lys Ala Leu Gly Phe Asp Phe He Ala Ser Glu Gly Asn Val Ala Asp 

50 55 60 

tgg gac tcg acc aag ace gca ttc gac aag gtc aag tec gag gte ggc 240 
Trp Asp Ser Thr Lys Thr Ala Phe Asp Lys Val Lys Ser Glu Val Gly 
65 70 75 80 

gag gtt gat gtg ctg ate aac aac gcc ggt ate acc cgc gae gtg gtg 288 

5 0 mSiEi^^ 11-3061391 



#^1 1—098205 



Glu Val Asp Val Leu He Asn Asn Ala Gly He Thr Arg Asp Val Val 

85 90 95 

ttc cgc aag atg acc cgc gcc gac tgg gat gcg gtg ate gac acc aac 336 
Phe Arg Lys Met Thr Arg Ala Asp Trp Asp Ala Val lie Asp Thr Asn 

100 105 110 

ctg acc teg ctg ttc aac gtc acc aag cag gtg ate gac ggc atg gcc 384 
Leu Thr Ser Leu Phe Asn Val Thr Lys Gin Val He Asp Gly Met Ala 
115 120 125 

gac cgt ggc tgg ggc Cgc ate gtc aac ate teg teg gtg aac ggg cag 432 
Asp Arg Gly Trp Gly Arg He Val Asn He Ser Ser Val Asn Gly Gin 
130 135 140 

aag ggc cag ttc ggc cag ace aac tac tee acc gcc aag gee ggc ctg 480 
Lys Gly Gin Phe Gly Gin Thr Asn Tyr Ser Thr Ala Lys Ala Gly Leu 

145 150 155 160 

cat ggc ttc acc atg gca ctg gcg cag gaa gtg gcg acc aag ggc gtg 528 
His Gly Phe Thr Met Ala Leu Ala Gin Glu Val Ala Thr Lys Gly Val 

165 170 175 

acc gtc aac acg gtc tet ccg ggc tat ate gee acc gac atg gtc aag 576 
Thr Val Asn Thr Val Ser Pro Gly Tyr He Ala Thr Asp Met Val Lys 

180 185 190 

gcg ate Cgc cag gac gtg etc gac aag ate gtc gcg acg ate ccg gtc 624 
Ala He Arg Gin Asp Val Leu Asp Lys He Val Ala Thr He Pro Val 
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195 200 205 



aag cgc ctg ggc ctg ccg gaa gag ate gcc tcg ate tge gee tgg ttg 672 
Lys Arg Leu Gly Leu Pro Glu Glu He Ala Ser lie Cys Ala Trp Leu 
210 215 220 



teg teg gag gag tee ggt tte tcg ace gge gee gae ttc teg ete aac 720 
Ser Ser Glu Glu Ser Gly Phe Ser Thr Gly Ala Asp Phe Ser Leu Asn 
225 230 235 240 



gge gge etg cat atg gge taa 741 
Gly Gly Leu His Met Gly 

245 



<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 11 

agtggateca atgactcagc gcattgcgta 30 



<210> 12 
<211> 35 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 12 

aacaagcttc tcgagttagc ccatatgcag gccgc 

<210> 13 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 

<400> 13 

aattctcgag taatctagag gaattctaaa a 

<210> 14 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
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Synthesized Sequence 



<400> 14 

ctagttttag aattcctcta gattactcga g 31 



<210> 15 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 15 

gaggaattca tacatgtatc cagatttaaa aggaa 35 



<210> 16 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 16 
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ggtaagcttt cattaaccgc ggcctgcctg 30 



<210> 17 
<211> 806 
<212> DNA 

<213> Bacillus subtil is 

<220> 

<221> CDS 

<222> (12).. (794) 

<400> 17 

ggaattcata c atg tat cca gat tta aaa gga aaa gtc gtc get att aca 50 

Met Tyr Pro Asp Leu Lys Gly Lys Val Val Ala lie Thr 
15 10 

gga get get tea ggg cte gga aag geg atg gee att cgc tte ggc aag 98 
Gly Ala Ala Ser Gly Leu Gly Lys Ala Met Ala He Arg Phe Gly Lys 

15 20 25 

gag cag gca aaa gtg gtt ate aac tat tat agt aat aaa caa gat ccg 146 
Glu Gin Ala Lys Val Val He Asn Tyr Tyr Ser Asn Lys Gin Asp Pro 
30 35 40 45 

aac gag gta aaa gaa gag gte ate aag gcg ggc ggt gaa get gtt gtc 194 
Asn Glu Val Lys Glu Glu Val He Lys Ala Gly Gly Glu Ala Val Val 

50 55 60 
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gtc caa gga gat gtc acg aaa gag gaa gat gta aaa aat ate gtg caa 242 
Val Gin Gly Asp Val Thr Lys Glu Glu Asp Val Lys Asn He Val Gin 

65 70 75 



acg gca att aag gag ttc ggc aca etc gat att atg att aat aat gcc 290 
Thr Ala He Lys Glu Phe Gly Thr Leu Asp He Met He Asn Asn Ala 
80 85 90 



ggt ctt gaa aat cct gtg cca tct cac gaa atg ccg etc aag gat tgg 338 
Gly Leu Glu Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp 
95 100 105 



gat aaa gtc ate ggc acg aac tta acg ggt gcc ttt tta gga age cgt 386 
Asp Lys Val lie Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg 
110 115 120 125 



gaa gcg att aaa tat ttc gta gaa aac gat ate aag gga aat gtc att 434 
Glu Ala He Lys Tyr Phe Val Glu Asn Asp He Lys Gly Asn Val He 

130 135 140 



aac atg tec agt gtg cac gaa gtg att cct tgg ccg tta ttt gtc cac 482 
Asn Met Ser Ser Val His Glu Val He Pro Trp Pro Leu Phe Val His 

145 150 155 



tat gcg gca agt aaa ggc ggg ata aag ctg atg aca gaa aca tta gcg 530 
Tyr Ala Ala Ser Lys Gly Gly He Lys Leu Met Thr Glu Thr Leu Ala 
160 165 170 



ttg gaa tac gcg ccg aag ggc att cgc gtc aat aat att ggg cca ggt 578 
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Leu Glu Tyr Ala Pro Lys Gly He Arg Val Asn Asn He Gly Pro Gly 

175 180 185 

gcg ate aac acg cca ate aat get gaa aaa tte get gae eet aaa eag 626 
Ala He Asn Thr Pro He Asn Ala Glu Lys Phe Ala Asp Pro Lys Gin 
190 195 200 205 

aaa get gat gta gaa age atg att eea atg gga tat ate ggc gaa ecg 674 
Lys Ala Asp Val Glu Ser Met He Pro Met Gly Tyr He Gly Glu Pro 

210 215 220 

gag gag ate gee gea gta gca gee tgg ett get teg aag gaa gee age 722 
Glu Glu He Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser 

225 230 235 

tae gtc aea gge ate aeg tta tte geg gae gge ggt atg aea caa tat 770 
Tyr Val Thr Gly He Thr Leu Phe Ala Asp Gly Gly Met Thr Gin Tyr 

240 245 250 

cet tea tte cag gea gge cge ggt taatgaaagc tt 806 
Pro Ser Phe Gin Ala Gly Arg Gly 

255 260 

<210> 18 
<211> 261 
<212> PRT 

<213> Baeillus subtil is 

5 7 ffiliE#^ 11-3061391 



1 1—098205 



<400> 18 

Met Tyr Pro Asp Leu Lys Gly Lys Val Val Ala He Thr Gly Ala Ala 
15 10 15 

Ser Gly Leu Gly Lys Ala Met Ala lie Arg Phe Gly Lys Glu Gin Ala 

20 25 30 

Lys Val Val He Asn Tyr Tyr Ser Asn Lys Gin Asp Pro Asn Glu Val 
35 40 45 

Lys Glu Glu Val lie Lys Ala Gly Gly Glu Ala Val Val Val Gin Gly 

50 55 60 

Asp Val Thr Lys Glu Glu Asp Val Lys Asn He Val Gin Thr Ala lie 

65 70 75 80 

Lys Glu Phe Gly Thr Leu Asp He Met He Asn Asn Ala Gly Leu Glu 

85 90 95 

Asn Pro Val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val 

100 105 110 

He Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala He 
115 120 125 

Lys Tyr Phe Val Glu Asn Asp He Lys Gly Asn Val He Asn Met Ser 
130 135 140 

Ser Val His Glu Val He Pro Trp Pro Leu Phe Val His Tyr Ala Ala 
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145 150 155 160 

Ser Lys Gly Gly He Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr 

165 170 175 

Ala Pro Lys Gly He Arg Val Asn Asn lie Gly Pro Gly Ala He Asn 

180 185 190 

Thr Pro He Asn Ala Glu Lys Phe Ala Asp Pro Lys Gin Lys Ala Asp 
195 200 205 

Val Glu Ser Met He Pro Met Gly Tyr He Gly Glu Pro Glu Glu He 

210 215 220 

Ala Ala Val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Val Thr 

225 230 235 240 

Gly He Thr Leu Phe Ala Asp Gly Gly Met Thr Gin Tyr Pro Ser Phe 

245 250 255 

Gin Ala Gly Arg Gly 

260 

[HI] 

FpSE420D(DV^y :;''T'fe^o P (trc) it. trc:;^n ^- ^ - T (rrn 
B) lirrnBTlT2^J?-^ AmpliT > tf U ^^"^ /S - ^ ^ ^ V 
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C?) n - ffiiTK^^^Me^ 5: , T (rmB) lirrnBTlT2^? - ^ :^ - ^ - Amp 

[03] 

KpSG-BSRl(Z)V^y :/'e$)So P (trc) it. trc^^n tJf - S:> Bsfab 
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